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(57) ABSTRACT

At least one method, apparatus and system disclosed herein
involves forming trench 1n a gate region, wherein the trench
having an oxide layer to a height to reduce or prevent
process residue. A plurality of fins are formed on a semi-
conductor substrate. Over a first portion of the fins, an
epitaxial (EPI) feature at a top portion of each fin of the first
portion. Over a second portion of the fins, a gate region 1s
formed. In a portion of the gate region, a trench 1s formed.
A first oxaide layer at a bottom region of the trench 1s formed.
Prior to performing an amorphous-silicon (a-S1) deposition,
a flowable oxide material 1s deposited nto the trench for
forming a second oxide layer. The second oxide layer
comprises the flowable oxide and the first oxide layer. The
second oxide layer has a first height.
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METHODS, APPARATUS AND SYSTEM FOR
STRINGER DEFECT REDUCTION IN A
TRENCH CUT REGION OF A FINFET
DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

Generally, the present disclosure relates to the manufac-
ture ol sophisticated semiconductor devices, and more spe-
cifically, to using flowable oxide 1n a fin cut region for
reducing stringer defects.

Description of the Related Art

The fabrication of advanced integrated circuits, such as
CPU’s, storage devices, ASIC’s (application specific inte-
grated circuits) and the like, requires the formation of a large
number of circuit elements 1n a given chip area according to
a specified circuit layout, wherein so-called metal oxide field
cllect transistors (MOSFETSs or FETSs) represent one 1mpor-
tant type of circuit element that substantially determines
performance of the integrated circuits. A FET 1s a device that
typically includes a source region, a drain region, a channel
region that i1s positioned between the source region and the
drain region, and a gate electrode positioned above the
channel region.

In contrast to a planar FET, which has a planar structure,
there are so-called 3D devices, such as an 1llustrative finFET
device, which 1s a 3-dimensional structure. More specifi-
cally, n a finFET, a generally vertically positioned, fin-
shaped active area 1s formed and a gate electrode encloses
both of the sides and the upper surface of the fin-shaped
active area to form a trigate structure so as to use a channel
having a 3-dimensional structure istead of a planar struc-
ture. In some cases, an insulating cap layer, e.g., silicon
nitride, 1s positioned at the top of the fin and the finFET
device only has a dual-gate structure.

Using one of various techniques, a plurality of fins are
formed on substrate. A plurality of layers of matenals that
may be deposited on the fins. Some of the fins are designated
to be source or drain fins, while a gate area 1s formed above
the fins between the source and drain regions. In the gate
areca, dummy gate region are formed over the fins. In a
predetermined location, a trench silicide ('T'S) region formed
between portions of the dummy gate region. As dimensions
in finFET devices become smaller, performing state-of-the-
art trench cut processes subsequent to forming trench sili-
cide contact features may result in residue 1n the trench
regions, which may result 1n device operations problems.

Designers often designate a TS cut region to form a TS
region. Often, due to poly gate material and/or amorphous
silicon (a-S1) that are deposited for forming gate regions,
residue from these material(s) may remain in the bottom
regions ol the trench. This residue may cause various
problems. For example, the residue or “stringer” material,
may cause various current leakage, reduced FET to FET
1solation, and/or parasitic capacitance problems. These prob-
lems 1n state-of-the-art processes may case device perfor-
mance problems and/or increased defects during device
manufacturing, negatively aflecting manufacturing yields.

The present disclosure may address and/or at least reduce

one or more of the problems identified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the
invention 1n order to provide a basic understanding of some
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aspects of the mvention. This summary 1s not an exhaustive
overview of the mvention. It 1s not intended to identify key

or critical elements of the mnvention or to delineate the scope
of the invention. Its sole purpose 1s to present some concepts
in a simplified form as a prelude to the more detailed
description that 1s discussed later.

Generally, the present disclosure 1s directed to various
methods, apparatus and system for forming a trench in a gate
region, wherein the trench having an oxide layer to a height
to reduce or prevent process residue. A plurality of fins are
formed on a semiconductor substrate. Over a first portion of
the fins, an epitaxial (EPI) feature at a top portion of each fin
of the first portion. Over a second portion of the fins, a gate
region 1s formed. In a portion of the gate region, a trench 1s
formed. A first oxide layer at a bottom region of the trench
1s formed. Prior to performing an amorphous-silicon (a-S1)
deposition, a flowable oxide material 1s deposited into the
trench for forming a second oxide layer. The second oxide
layer comprises the flowable oxide and the first oxide layer.
The second oxide layer has a first height.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals 1dentify
like elements, and 1n which:

FIG. 1 illustrates a stylized, simplified plan view of a
finFET device, 1in accordance with embodiments herein;

FIG. 2 1llustrates a stylized depiction of a cross-sectional
view across a plurality of gate regions and over fins, in
accordance with embodiments herein;

FIG. 3 1llustrates a stylized depiction of a cross-sectional
view of the finFET device of FIG. 3 with respect to a
flowable oxide reflow process, 1n accordance with embodi-
ments herein;

FIG. 4 1llustrates a stylized depiction of a cross-sectional
view of the finFET device with respect to a tlowable oxide
recess process, 1n accordance with embodiments herein;

FIG. § illustrates a stylized depiction of a cross-sectional
view of the finFET device with respect to an amorphous
s1licon deposition process, 1n accordance with embodiments
herein.

FIG. 6 illustrates a stylized cross-sectional view of the
device, illustrating an aftermath of an RMG and SAC cap
process, 1 accordance with embodiments herein;

FIG. 7 1illustrates a stylized cross-sectional view of the
device, regarding a TS cut hardmask deposition process, 1n
accordance with embodiments herein;

FIG. 8 illustrates a stylized cross-sectional view of the
device, regarding a TS low-k maternial deposition process, 1n
accordance with embodiments herein;

FIG. 9 illustrates a stylized depiction of the finFET device
in a cross-sectional view that 1s perpendicular to the cross-
sectional view of FIG. 9, in accordance with embodiments
herein

FIG. 10 illustrates a flowchart depiction of the method for
forming a poly material residue, 1n accordance with embodi-
ments herein; and

FIG. 11 1llustrates a stylized depiction of a system for
fabricating a semiconductor device comprising an integrated
circuit, 1n accordance with embodiments herein.

While the subject matter disclosed herein 1s susceptible to
vartous modifications and alternative forms, specific
embodiments thereol have been shown by way of example
in the drawings and are herein described 1n detail. It should

be understood, however, that the description herein of spe-
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cific embodiments 1s not intended to limit the invention to
the particular forms disclosed, but on the contrary, the

intention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the inven-
tion as defined by the appended claims.

DETAILED DESCRIPTION

Various 1illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of
an actual implementation are described in this specification.
It will of course be appreciated that in the development of
any such actual embodiment, numerous 1mplementation-
specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, 1t will be appreciated
that such a development effort might be complex and
time-consuming, but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of this disclosure.

The present subject matter will now be described with
reference to the attached Figures. Various structures, sys-
tems and devices are schematically depicted 1n the drawings
for purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present disclosure. The words and phrases used herein
should be understood and interpreted to have a meaning
consistent with the understanding of those words and
phrases by those skilled in the relevant art. No special
definition of a term or phrase, 1.e., a definition that is
different from the ordinary and customary meaning as
understood by those skilled in the art, 1s intended to be
implied by consistent usage of the term or phrase herein. To
the extent that a term or phrase 1s intended to have a special
meaning, 1.e., a meaning other than that understood by
skilled artisans, such a special definition will be expressly
set forth in the specification in a definitional manner that
directly and unequivocally provides the special definition for
the term or phrase.

Embodiments herein provide for forming a gate region for
a inFET device, performing a trench (e.g., a shallow 1sola-
tion (STI) cut process 1n the gate region, and depositing
flowable dielectric material (e.g., tlowable oxide) into the
bottom of the STI trench formed by the STI trench cut
process. The trench cut process may be performed to form
a TS region. A poly gate material (e.g., polysilicon) depo-
sition process then may be performed, and the presence of
the flowable oxide into the bottom portion of the trench may
cause the flow of gate poly material into the bottom portion
of the STI trench to be reduced or substantially eliminated.
In embodiments herein, upon performing a poly pull process
and/or an amorphous (a-S1) deposition process, substantially
all of the poly gate matenial and/or a-S1 residue are pulled
out of the STI trench, leaving the flowable oxide, wherein
any residue/stringers may be reduced and/or substantially
climinated. A low-k maternial deposition may then be per-
formed.

Turning now to FIG. 1, a stylized, simplified top view of
a finFET device, 1n accordance with embodiments herein, 1s
illustrated. FIG. 1 1llustrates an integrated circuit device 200
comprising a plurality of fins 232 formed on a substrate 210.
Further, FIG. 1 illustrates a plurality of gates formations 245.
FIG. 1 also shows an a-S1 formation 211 in an oxide layer.
Adjacent some of the gates formations 245 are a plurality of
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TS cut 220, wherein a TS region 240 may be formed. The
TS region 240 may eventually become source/drain con-
tacts.

FIG. 1 also shows an X-cut line provided for reference
with respect to a cross-sectional view shown 1n subsequent
figures. F1IGS. 2-9 represent stylized cross-sectional views of
fInFET devices with respect to the X-cut line, 1n accordance
with exemplary embodiments herein. Those skilled 1n the art
would appreciate that the TS region 240 1s provided for
exemplary and illustrative purposes and that other trench
regions may be formed on the device 200.

FIG. 2 1llustrates a stylized depiction of a cross-sectional
view across a plurality of gate regions over fins, 1n accor-
dance with embodiments herein. The device 200 comprises
a substrate 110 on which source/drain fins 232, EPI features
230, and gate regions are formed. The gate regions comprise
a plurality of gate formations 245. Each of the gate forma-
tions 245 comprises a poly gate region 222, formed from
using a poly gate material (e.g., polysilicon). The poly gate
region 222 (or dummy gate region) 1s encompassed by a
nitride liner 235, a low-k spacer 212, and an oxide liner 237.
A hardmask (HM) layer 227 1s formed above the poly gate
region 222.

Within the gate region, the TS cut region 220 may be
formed to form a TS region 240. A TS cut hard mask (HM)
layer 118 protects the remaining portion of the gate region
when performing a TS cut process. The TS cut 220 also
comprises the oxide liner 237, the nitride liner 235, and the
low-k spacer 212. At the bottom portion of the TS cut region
220, an oxide liner 242 encompasses an oxide layer 244.

FIG. 3 1llustrates a stylized depiction of a cross-sectional
view ol the finFET device 200 with respect to a flowable
oxide reflow process, in accordance with embodiments
herein. A process for depositing flowable oxide 1s per-
formed, reflowing a flowable oxide layer 410 in the gate
region. The flowable oxide deposited in the gate region
flows mto TS cut region 220. As such, at this stage, the TS
region 244 1s entirely filled with flowable oxide, 1n addition
to the oxide layer that was already present in the bottom
portion of the TS region 240.

FIG. 4 illustrates a stylized depiction of a cross-sectional
view of the finFET device 200 with respect to a flowable
oxide recess process, in accordance with embodiments
herein. After depositing the flowable oxide into the RS
region 240, the excess flowable oxide in the upper portion of
the TS cut region 220 and the remaining portion of the gate
region 15 recessed. Processes known to those skilled 1n the
art having benelit of the present disclosure may be employed
to recess the tlowable oxide as desired.

After performing the flowable oxide recess process, the
flowable oxide deposited into the bottom portion of the
trench region of the TS cut region 220 would remain up to
a predetermined height, H1, forming a flowable oxide layer
510. The height H1 i1s selected to provide suflicient oxide
within the trench region of the TS cut region 220 to reduce
or substantially eliminate any residue/stringer as a result of
a poly-material and/or an a-S1 deposition processes. In one
embodiment, the height H1 may coincide with a predeter-
mined level of the EPI features 230 (e.g., half-way up to the
EPI features 230).

FIG. 5 1llustrates a stylized depiction of a cross-sectional
view ol the finFET device 200 with respect to an amorphous
s1licon deposition process, 1n accordance with embodiments
herein. An amorphous silicon (a-S1) deposition process 1s
performed to form an a-S1 layer 610. The a-S1 material 1s
deposited 1nto the trench region of the TS cut region 220,
down to the flowable oxide layer 510. The a-S1 layer 610 1s
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also formed between the gate features 245. The a-S1 layer
610 may comprised of an organic under-layer (ODL) or
alternatively, a spin-on hardmask (SOH)) layer. Further, a
chemical mechanical polishing (CMP) process may be per-
formed on the a-S1 layer 610, followed by an a-S1 etch back
process. Those skilled in the art would appreciate that
various processes know to those skilled 1n the art may be
performed, such as an anti-reflective coat (ARC) layer
deposition, photoresist layer deposition, RIE process, etc.,
for performing replacement metal gate (RMG), and seli-
aligned contact (SAC) cap processes.

FIG. 6 1llustrates a stylized cross-sectional view of the
device 200, illustrating an aftermath of an RMG and SAC
cap process, 1 accordance with embodiments herein. The
RMG process may comprise performing various steps
known to those skilled having benefit of the present disclo-
sure. For example, the RMG process may include removing
the hard mask 227 and the dummy gates regions 222. The
RMG process may comprise a dummy gate pull process for
creating a plurality of voids for depositing gate metal. This
process may include performing a poly open CMP (POC)
process for exposing the dummy gate region 222. In some
other embodiments, the POC process may be considered a
separate step that 1s performed prior performing the RMG
process. Further, an etch process (e.g., a poly-etch process)
for removing the dummy gate maternial (e.g., poly-silicon
material) from the dummy gate region 222 may be per-
formed. The RMG process also includes depositing a gate
metal 1 each of the gate features 1n place of the dummy
gates 222. That 1s, the poly gate material in the dummy gate
region 222 1s replaced with a work function metal (WFM)
layer and a gate metal layer 726.

P-type and N-type work metal materials are respectively
added to form NMOS and PMOS devices prior to deposition
of a gate metal. In some of the voids, N-type work function
metal material (nWF) 1s deposited, while 1 other voids,
P-type work function metal material (pWF) 1s deposited.

In some embodiments, the gate metal may be tungsten,
while 1n other embodiments, the gate metal may be or cobalt
or copper. Subsequently, a metal gate CMP process may be
performed to polish the gate metal 726 to a predetermined
height.

Upon depositing the gate metal 726, a self-aligned contact
(SAC) cap formation process may be performed. SAC cap
formation process may be comprised ol recessing gate
metal, deposition of a SAC cap dielectric material, and CMP
of the SAC cap dielectric. This process results 1n a SAC cap
being formed above the gate metal 726. In one embodiment,
the SAC cap 1s formed by depositing silicon nitride using,
low-pressure chemical vapor deposition (LPCVD) to a
thickness of from about 15 nm to about 80 nm, e.g., about
40 nm. In some embodiments, the cap layer may be utilized
as a mask during subsequent processes, such as a TS
metallization process.

FIG. 6 depicts the device 200 after performing the RMG
and SAC processes. FIG. 6 shows a substrate 210 on which
source drain fins, EPI features 230, and a gate region are
formed. Within the gate region, the TS cut 220 1s formed to
form the TS region 240. The TS cut 220 comprises an oxide
liner 237, a mitride liner 235 above a low-k spacer 212. The
low-k spacer 212 1s adjacent a silicon nitride layer 215. As
noted above, the gate region also includes a WEFM region
722, within which the tungsten layer 726 1s formed. In one
embodiment, the WFM region may be comprised of tung-
sten nitride. Silicon nitride regions 750 are formed above the
WFEFM 722 and tungsten layer 726. At the bottom portion of
the TS cut region 220, an oxide liner 242 encompasses an
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oxide layer 244, which was extended by the oxide layer 510
(FIG. 4-5). As aresult of the extension of the oxide layer 244
to form the higher eflfective oxide layer, the presence of poly
maternial residue or stringers are reduced or substantially
climinated.

FIG. 7 1llustrates a stylized cross-sectional view of the
device 200, regarding a TS cut hardmask deposition process,
in accordance with embodiments herein. A'TS cut hardmask
(HM) 813 1s formed in the gate region, except for the TS cut
region 220. The TS cut hardmask protects the fin and gate
region when performing a TS lithography, as well as an
oxide and a-S1 etch process.

In one embodiment, the portion that i1s not protected by
the TS cut HM 813 1s removed by etch process (e.g., RIE
process), thereby removing the oxide and a-S1 portion 1n the
trench of the TS region 220, leaving a trench 820. The trench
820 1s lined by SiN liner 235, followed by the oxide liner
237, which lines the low-k spacer 212. Below the SiN liner
235, the flowable oxide layer 510 1s at a height H1, from the
bottom of the TS region 240.

FIG. 8 illustrates a stylized cross-sectional view of the
device 200, regarding a TS low-k material deposition pro-
cess, 1 accordance with embodiments herein. After per-
tforming the TS lithography process and oxide and a-S1 etch
processes, the TS cut HM 813 are removed. A low-K
material deposition process 1s pertormed to deposit low-K
material 1nto the trench 820 and into other areas that were
not protected by the TS cut HM 813 of FIG. 8. This process
provides a low-K layer 910.

The low-K layer 910 goes down to the top of the flowable
oxide layer 510 and 1n between the SiN liners 235. After the
low-K material 1s deposited, a CMP process may be per-
formed to remove excess low-K material and bring the level
of the low-K material to a predetermined height. The trench
of the TS cut region 220 1s filled with the SiN liner 235, the
oxide lmer 237, which lines the low-k spacer 212, the
flowable oxide layer 510, and the low-K layer 910. That 1is,
the trench of the TS cut region 220 comprises a liner set,
which comprises the SiN liner 235, the oxide liner 237, and
the low-k spacer 212. The space between the liner set in the
trench 1s filled from the bottom of the trench to height H1
with an oxide layer. Further, above the oxide layer, the low-k
layer 910 fills the space between the liner set, as well as the
arca above the PC/gate features 1n the gate region. There-
fore, the opportunity for a residue or stringer to exist 1n the
TS region 240 1s reduced or substantially eliminated.

FIG. 9 illustrates a stylized depiction of the finFET device

200 1n a cross-sectional view that i1s perpendicular to the
cross-sectional view of FIG. 8, in accordance with embodi-
ments herein. The cross-sectional view of FIG. 9 shows a
plurality of fins 1030, on which EPI features 230 are formed.
FIG. 9 also depicts the gate metal 726 and the WFM layer
722. FIG. 9 generally exemplifies an STI region having two
gate/PC double diffusion break.

Between the fins 1030, the original oxide layer 244 1s
depicted. Immediately above the layer 244, an additional
layer of flowable oxide of a height, H1, was added during the
flowable oxide process exemplified 1n FIGS. 3-4 and
described above. The original oxide layer 244 and the
additional flowable oxide layer of height H1 combine to
form an eflectively larger or higher oxide layer, bringing the
total eflective height of the oxide layer to a predetermined
height capable of reducing and or substantially eliminating,
residue/stringers.

As depicted 1n FIG. 9, the additional layer of tlowable
oxide of height, H1, 1s adjacent a plurality of low-k spacers
1050. Due to the presence of the additional flowable oxide
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layer of height H1, potential current leakage, denoted by the
arrows 1050, 1s reduced or substantially eliminated. There-
fore, utilizing embodiments herein, the probability of leak-
age currents, and/or parasitic capacitances 1s reduced or
substantially eliminated. Further processing known to those
skilled in the art may be performed to complete forming the
device 200.

Turning now to FIG. 10, a flowchart depiction of a
method for manufacturing a device with reduced stringers,
in accordance with embodiments herein. A plurality of fins,
including PFET and NFET fins, as well as a gate region are
formed on a substrate layer (at 1110). Those skilled 1n the art
would appreciate that forming the gate region comprises
various process steps, such as forming gate space region,
poly gate region, nitride liner, low-k spacer, oxide liner, eftc.
(see for example, FIG. 2).

Further, using techniques know to those skilled in the art,
EPI features may then be formed on the source/drain (S/D)
regions (at 1120), as exemplified 1n FIG. 2. Further, a TS cut
region 1s formed (at 1130). An STI {fin cut process may be
performed 1n order to form the TS cut region comprising a
TS trench. The TS cut region may comprise an oxide liner,
a nitride liner, and a low-k spacer. When forming the TS cut
region, a hard mask layer may be deposited to protect S/D
and gate regions.

A flowable oxide deposition process may be performed (at
1140), as exemplified mn FIG. 3. In one embodiment, the
flowable oxide 1s deposited between the components of the
gate regions. The trench of the TS cut region, which may
already comprise an oxide layer, receives a further layer of
flowable oxide.

An oxide CMP and an oxide recess process (e.g., an RIE
process) may be performed (at 1150), as exemplified in FIG.
4. This process generally removes the flowable oxide layer
from the gate region and leaves a higher oxide layer 1n the
trench of the TS region. This additional flowable oxide layer
1s capable of protecting the bottom portion of the trench
from residue buildup that may have otherwise resulted from
subsequent processes.

A set of a-S1 processes may be performed (at 1160), as
exemplified 1n FIG. 5. This process comprises performing an
a-S1 deposition process (at 1162), followed by an a-S1 CMP
(at 1164), and an a-S1 etch back process (at 1166). Subse-
quently, an RMG and an SAC process are performed (at
1170), as exemplified 1n FIG. 6, forming that gate compo-
nents of the inFET device.

A TS contact process may be formed (at 1180) as
exemplified 1mn FIGS. 7-8. This process may comprise per-
forming a TS lithography process (at 1182) known to those
skilled 1n the art. This process may comprise depositing a TS
cut hard mask layer to protect the remaining portion of the
device when processing the TS region. An oxide etch
process and a-S1 etch process may then be performed (at
1184). This process extracts a portion of an oxide layer and
a portion of the a-S1 layer down to a predetermined depth
into the trench of the TS region (as exemplified in FIG. 7).

Subsequently, a low-k deposition process may be per-
formed (at 1186), as exemplified in FIG. 8. This process
deposits a low-k maternial mto the trench above the oxide
region. A CMP process 1s performed to bring the low-k layer
to a desired level. Further processes for completing process-
ing/manufacturing of the finFET device 200 may be per-
formed. The process described 1n FIG. 10 results 1n a device
comprising a trench region i which residue (e.g., poly
material, a-S1 residue) 1s reduced or substantially eliminated.
Using principles described herein, those skilled in the art
having benefit of the present disclosure would appreciate
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that the processes described i FIGS. 2-10 may be per-
formed for PMOS devices and for NMOS devices. Further
processing may be performed to complete forming the
transistor device 1n accordance with embodiments herein.

Turning now to FIG. 11, a stylized depiction of a system
for fabricating a semiconductor device comprising an inte-
grated circuit, in accordance with embodiments herein, 1s
illustrated. The system 1200 provides for forming a TS
trench formation, depositing tlowable oxide to provide an
oxide layer of a predetermined height in the trench, and
forming a device having reduced or substantially eliminated
residue at the bottom portion of the trench.

The system 1200 of FIG. 11 may comprise a semicon-
ductor device processing system 1210 and a design unit
1240. The semiconductor device processing system 1210
may manufacture integrated circuit devices based upon one
or more designs provided by the design unit 124.

The semiconductor device processing system 1210 may
comprise various processing stations, such as etch process
stations, photolithography process stations, flowable oxide
deposition process stations, CMP process stations, Epitaxy
(EPI) process stations, etc. One or more of the processing
steps performed by the processing system 1210 may be
controlled by the processing controller 1220. The processing
controller 1220 may be a workstation computer, a desktop
computer, a laptop computer, a tablet computer, or any other
type of computing device comprising one or more software
products that are capable of controlling processes, receiving
process feedback, receiving test results data, performing
learning cycle adjustments, performing process adjustments,
etc.

The semiconductor device processing system 1210 may
produce integrated circuits on a medium, such as silicon
walers. More particularly, the semiconductor device pro-
cessing system 1210 produce integrated circuits having
fInFET devices that comprise TS trench formations having
reduced or substantially eliminated residue at the bottom
portion of the trench, as described above.

The production of itegrated circuits by the device pro-
cessing system 1210 may be based upon the circuit designs
provided by the integrated circuits design umt 1240. The
processing system 1210 may provide processed integrated
circuits/devices 1215 on a transport mechanism 1250, such
as a conveyor system. In some embodiments, the conveyor
system may be sophisticated clean room transport systems
that are capable of transporting semiconductor wafers. In
one embodiment, the semiconductor device processing sys-
tem 1210 may comprise a plurality of processing steps to
perform sigma recess regions, filling them with an REO
material, and forming EPI features on the REO material, as
described above.

In some embodiments, the items labeled “1215” may
represent individual waters, and in other embodiments, the
items 12135 may represent a group of semiconductor wafers,
e.g., a “lot” of semiconductor wafers. The integrated circuit
or device 1215 may be a transistor, a capacitor, a resistor, a
memory cell, a processor, and/or the like.

The integrated circuit design umt 1240 of the system 1200
1s capable of providing a circuit design that may be manu-
factured by the semiconductor processing system 1210. The
integrated circuit design unit 1240 may be capable of
determining the number of devices (e.g., processors,
memory devices, etc.) to place in a device package, type of
EPI {features, growth of the EPI features from the fin
sidewalls, as well as from trench having additional flowable
oxide to provide an oxide layer at the bottom of the trench
to reduce or substantially eliminate undesirable residue as a
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result of other processes. The integrated circuit design unit
1240 may also determine the height of the fins, the size of
the fin channels, etc. Based upon such details of the devices,
the integrated circuit design unit 1240 may determine speci-
fications of the finFETs that are to be manufactured. Based
upon these specifications, the integrated circuit design unit
1240 may provide data for manufacturing a semiconductor
device having the EPI features provided by embodiments
herein.

The system 1200 may be capable of performing analysis
and manufacturing of various products involving various
technologies. For example, the system 1200 may design and
manufacturing-data for manufacturing devices of CMOS
technology, Flash technology, BICMOS technology, power
devices, memory devices (e.g., DRAM devices), NAND
memory devices, and/or various other semiconductor tech-
nologies.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For
example, the process steps set forth above may be performed
in a different order. Furthermore, no limitations are intended
to the details of construction or design herein shown, other
than as described 1n the claims below. It 1s therefore evident
that the particular embodiments disclosed above may be
altered or modified and all such variations are considered
within the scope and spirit of the invention. Accordingly, the
protection sought herein 1s as set forth 1n the claims below.

What 1s claimed 1s:

1. A method, comprising:

forming a plurality of fins on a semiconductor substrate;

forming, over a first portion of the fins, an epitaxial (EPI)
feature at a top portion of each fin of the first portion;

forming, over a second portion of the fins, a gate region;

forming a trench 1n a portion of the gate region;

forming a first oxide layer at a bottom region of the
trench;

depositing, prior to performing an amorphous-silicon
(a-S1) deposition, a flowable oxide maternial into the
trench for forming a second oxide layer, the second
oxide layer comprising the flowable oxide and the first
oxide layer, the second oxide layer having a first height;
and

performing the amorphous-silicon (a-S1) deposition pro-
CEsSs.
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2. The method of claim 1, further comprising;:
performing a replacement metal gate (RMG) process 1n
the gate region;
performing a oxide chemical-mechanical polishing
(CMP) process over the flowable oxide; and
performing an oxide recess process to remove the flow-
able oxide from gate region portions outside the trench.
3. The method of claim 2, wherein performing the oxide
recess process comprises performing at least one of a dry
reactive-1on etching (RIE), or a wet etch process.
4. The method of claim 1, further comprising:
performing an a-S1 chemical-mechanical
(CMP) process; and
performing an a-S1 etch back process to recess the a-Si,
wherein the oxide layer at the bottom region of the
trench substantially prevents residue at the bottom
region of the trench.
5. The method of claim 1, further comprising:

performing a trench silicide (TS) process for forming a TS
contact.

6. The method of claim 5, wherein forming the TS contact
COmMprises:
depositing a hard mask layer over the gate region outside
the trench:;
performing a TS lithography process;
performing an a-Si etch process for removing a portion of
the a-S1 material;
depositing a low-k material into the trench; and
performing a chemical-mechanical polishing (CMP) pro-
cess on the low-k material.
7. The method of claim 1, wherein forming the gate region
COmprises:
forming a poly gate matenal layer;
forming a nitride liner adjacent the poly gate material
layer;
forming a gate spacer adjacent the nitride liner; and
forming an oxide liner adjacent the gate space.
8. The method of claim 2, wherein performing the RMG
pProcess COmprises:
performing a poly pull process 1n the gate region;
depositing a work function metal layer 1n the gate region;
depositing a gate metal 1n the gate region; and
performing a chemical-mechanical polishing (CMP) pro-
cess on the gate metal.
9. The method of claim 8, wherein depositing the gate
metal comprises depositing at least one of a tungsten mate-
rial, or cobalt material.

polishing

¥ o # ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,418,455 B2 Page 1 of 2
APPLICATION NO. : 15/716287

DATED : September 17, 2019

INVENTOR(S) : Hur Zang et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page

Under abstract ““9 Claims,7 Drawing Sheets” should read --13 Claims, 7 Drawing Sheets--.
In the Claims

Column 2, Line 47 Add the following claims:

10. A system, comprising:

a semiconductor device processing system to manufacture a semiconductor device comprising at least
one fin field effect transistor (finFET); and

a processing controller operatively coupled to the semiconductor device processing system, the
processing controller configured to control an operation of the semiconductor device processing
system;

wherein the semiconductor device processing system 1s adapted to:

form a plurality of fins on a semiconductor substrate;

form, over a first portion of the fins, an epitaxial (EPI) feature at a top portion of each fin of the first
portion;

form, over a second portion of the fins, a gate region;

form a trench 1n a portion of the gate region;

form a first oxide layer at a bottom region of the trench;

deposit, prior to performing an amorphous-silicon (a-Si) deposition, a flowable oxide material into the
trench for forming a second oxide layer, the second oxide layer comprising the flowable oxide and the
first oxide layer, the second oxide layer having a first height;

perform an amorphous-silicon (a-S1) deposition process; and

perform a replacement metal gate (RMG) process in the gate region.

11. The system of claim 10, further comprising a design unit configured to generate a first design
comprising a definition for a process mask, a definition for forming a trench, and depositing the
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Director of the United States Patent and Trademark Office
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flowable oxide material, wherein data from the design unit 1s used by the processing controller to
control an operation of the semiconductor device processing system.

12. The system of claim 10, wherein the semiconductor device processing system 1s adapted to:
perform a oxide chemical-mechanical polishing (CMP) process over the flowable oxide;

perform an oxide recess process to remove the flowable oxide from gate region portions outside the
trench;

perform an a-S1 chemical-mechanical polishing (CMP) process;

perform an a-S1 etch back process to recess the a-Si, wherein the oxide layer at the bottom region of
the trench substantially prevents residue at the bottom region of the trench; and

perform a trench silicide (TS) process for forming a TS contact.

13. The system of claim 10, wherein the trench 1s an shallow trench 1solation (STI) trench comprising:
a liner set comprising:

a SiN hliner,

an oxide liner adjacent the SiN liner; and

a low-k spacer adjacent the SiN liner;

wherein the oxide liner contacts the bottom portion of the trench up to the first height between the
liner set; and

a low-k layer formed above the oxide liner between the liner set and between a first portion of the gate

region and a second portion of the gate region.
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